BACKGROUND/OBJECTIVES: A nutritionally adequate diet in childhood is important for health and resistance of allergies and infections. This study explored the effects of school meals rich in fish, vegetables and fibre on school attendance, asthma, allergies and illness in 797 Danish 8-to 11-year-old children. No comparable studies conducted in high-income settings have been identified. SUBJECTS/METHODS: The OPUS School Meal Study was a cluster-randomised cross-over trial. Children from third and fourth grades at nine Danish schools received school meals or usual packed lunch (control) for two 3-month periods. Occurrence and duration of illnesses, asthma and allergies during the last 14 days were recorded by parental questionnaires at baseline and after each 3-month period. Self-reported well-being was assessed by visual analogue scales. RESULTS: The school meals did not affect school attendance, parent-reported occurrence or duration of asthma and allergies or self-reported well-being. The most common symptoms of illness were stomach pain (24%), headache (28%) and cold (24%). A slightly higher number of children experienced headaches in the school meal (27%) compared with the control period (22%) (P = 0.02). However, subgroup analyses showed that this effect was only seen in children eating school meals in the classroom (P = 0.007), and not in common dining areas (P = 0.2). No effect was found on other symptoms of illness. CONCLUSIONS: Provision of nutritionally balanced school meals did not affect school attendance, asthma, allergies, illness or wellbeing in 8-to 11-year-old children. The slight increase in occurrence of headaches seems to be related to the physical eating environment.
INTRODUCTION
A balanced and nutritionally adequate diet in childhood is important for optimal health and resistance of allergies and infections. A number of dietary factors have been proposed to have effects on immune function, infection and allergic diseases, including vitamin D and n-3 polyunsaturated fatty acids. [1] [2] [3] [4] According to data from a Danish national survey, Danish children eat less fish, dietary fibres, fruits and vegetables and more sugar than recommended. 5 As children spend a large part of their time at school, public schools are an ideal setting for improving diet and optimising the health of children irrespective of their socioeconomic background. A number of studies have reported on school-based nutritional interventions, but they have mostly focused on the prevention of obesity and the risk of cardiovascular diseases or on improving school performance. [6] [7] [8] [9] Little evidence exists on the effects of provision of nutritionally balanced school meals on illness, allergies and school attendance.
The OPUS School Meal Study investigated the health effects of serving school meals based on the principles of the New Nordic Diet (NND), which follows Danish food-based dietary guidelines and the Nordic Nutrition Recommendations. 10 The school meals were rich in fish, fruits, berries, vegetables and whole-grain; these foodstuffs are all expected to improve health. 11 As reported previously, the school meals increased the overall nutritional quality of the children's diet. The children increased their intake of fish and vegetables and decreased their intake of fats. At the same time there was increased intake of protein and reduced intake of total and saturated fat, as well as increased intake of micronutrients such as vitamin D, selenium and iron. 12 The aim of this study was to explore the effect of the school meals on illness, allergies, use of medicine, school attendance and self-reported well-being in the OPUS School Meal Study.
METHODS

Study design and subjects
The OPUS School Meal Study was an open-label, cluster-randomised crossover trial in which children from third and fourth grades at nine Danish public schools received school meals based on the NND or had their habitual lunch pack (control group) for two 3-month periods in random order during the school year 2011-2012. The rationale and design of the study have been described in detail previously. 13 In brief, randomisation was performed at grade level for each school, so that all third-and fourthgrade classes at one school received either NND or control in the same order. Data were collected at three time points: at baseline and after each dietary period (3 and 6 months). Baseline was offset as schools were enrolled one at a time, with the first school in August 2011 and the last school in November 2011. Schools were recruited by telephone and e-mail, and eligible criteria were as follows: (1) location in the eastern part of Denmark; (2) at least two classes at both third-and fourth-grade levels;
(3) kitchen facilities suitable for food production; and (4) high motivation for participation as determined by the study team. Children were ineligible for inclusion if they had conditions that might hinder the measurements, if eating the school meals would put them at risk (for example, severe food allergies) or if they participated in other scientific studies involving radiation or blood sampling. 13 Written information about the study was given to the parents, and oral information was provided to both parents and children. The study protocol was approved by the Danish National Committee on Biomedical Research Ethics (H-1-2010-124) and the trial was registered at clinicaltrials.gov as NCT01457794. Written informed consent was obtained from all custody holders of the child. A separate consent form was obtained from the custody holders, allowing us to retrieve information on teacher-reported absenteeism.
A total of 834 children (82% of invited children) were enrolled in the OPUS School Meal study at baseline. During the study, 69 children withdrew (8.3%), and the main reasons for withdrawal were change of school (n = 29), dislike of the NND food (n = 13) and dislike of measurements or found measurements too time-consuming (n = 17). 13 In this study, children were included if data on school attendance, allergies and illness were available from at least one of the visits at 3 or 6 months (n = 797).
Intervention
During the NND period, children were provided with a daily mid-morning and afternoon snack, and an ad libitum hot lunch, aimed to provide 40-45% of their daily energy intake. The snacks typically consisted of whole-grain rye bread and raw vegetables or nonsweetened yoghurt with muesli in the morning, and of fresh fruit, dried berries or nuts and a bread roll in the afternoon. The weekly menu plan for lunch was as follows: Soup day; fish day; meat day; vegetarian day; and buffet day. The food was prepared locally at the schools by trained chefs and kitchen personnel and was eaten in the classroom (two schools) or in common areas (seven schools). During the control period, lunch packs were eaten in the classroom, and typically consisted of cold open-faced rye bread sandwiches with meat topping and some fresh fruit. The NND food was served as a buffet or on table trays, and the time for eating lunch was increased from around the usual 15 min to 20-25 min. The children helped prepare and serve the food and each child was in the kitchen 3-5 school days during the NND period. 13 
Data collection
At baseline, each family was interviewed about demographics and socioeconomic status. Household educational level was defined as the level of education of the parent with the highest education and categorised as described by Statistics Denmark. 14 Children were categorised as immigrants/descendants if all grandparents and ⩾ 1 parent were born outside of Denmark.
Anthropometric measurements were performed in the morning in a mobile laboratory after an overnight fast. Height was measured to the nearest 0.1 cm using a transportable stadiometer (CMS Weighing Equipment LTD, London NW1, UK). Children were measured barefooted, with their heads placed in the horizontal Frankfurter plane. Weight was measured wearing light clothing (underwear and/or t-shirt) to the nearest 0.1 kg using a digital scale (TANITA BWB-800S). Underweight, overweight and obesity were determined on the basis of age-and sex-specific cut-offs defined by centiles passing through a body mass index of 18.5, 25 and 30 kg/m 2 at 18 years. 15, 16 School attendance records were obtained from the school administrations. Absence from school was recorded as days absent owing to illness, unjustified absence (truancy) and legal absence (for example, holiday), with the two former being of interest in this study. In addition, questions on the absence from school owing to illness within the last 14 days were included in questionnaire interviews with the parents. Interviews were performed personally at baseline and by telephone at 3 and 6 months (at the end of each dietary period) and asked about occurrence and duration (days) with symptoms of asthma and allergy (hay fever and eczema), infections (respiratory tract, gastrointestinal symptoms, fever and headaches) and use of medicine (pain killers and antibiotics) within the preceding 14 days. The questions in the interviews were identical at all three time points. Questions about asthma and allergy were only asked if the parents reported that the child had been diagnosed by a physician with the given allergy. Asthma covered both asthma and asthmatic bronchitis, and asthma medicine included both prophylactic and relieving types of medicine. Hay fever/allergic rhinitis was defined as an allergic reaction to specific foods, animals, dust or unknown reasons, with symptoms such as running nose, sneezing and itchy eyes. Eczema (atopic dermatitis), or asthmatic eczema, was characterised by continuous itching reddish eczema, possibly with symptom-free periods.
Self-reported well-being was measured using the Danish Well-being Rating Scale, 17 which is a collection of five visual analogue scales (VAS) evaluating living environment, school, friends, family and self-perception of overall well-being. Each child was asked to place a mark representing its perception of the current state on each scale, which was 10 cm long and delimited by a happy and an unhappy smiley at each end. Distances (cm) from the unhappy smiley to the marks placed by the child were added up and used as an indicator of the child's well-being.
Statistical analysis
Data were analysed using R 18 and the extension package lme4. A P-value o0.05 was considered statistically significant. Children with data from at least one visit after baseline were included in analyses of school attendance, general illness and self-reported well-being.
The effect of NND school meals versus control on occurrence of allergies, illness and school attendance was evaluated by means of logistic mixedeffects regression models. The baseline value, month at baseline, gender, grade, order of NND and control periods, season (2-month intervals from November to June) and parental education were included in the model to adjust for potential confounding. Baseline values were not available for teacher-reported school attendance. In addition to these fixed effects, the models included child-, class-and school-specific random effects. For some analyses on small subsets of data, little information was available on the variation in the random effects, and therefore only the child-specific random effects were included. Estimation was carried out using Gauss quadrature with 1, 5 or 10 nodes depending on the variation in the random effects.
Additional analyses of the duration of illness and allergies, absence from school and use of medicine included only children who had reported occurrence (40 days). These were analysed using logistic regression models including the same effects as the corresponding unconditional analyses of occurrence. Adjustment of overdispersion was applied by inflating estimated standard errors to better accommodate possible extrabinomial variation in the data. In addition, P-values were adjusted to account for the corresponding logistic mixed-effects model fit.
The six well-being scores were analysed using linear mixed models including the intervention (control vs NND), baseline value, gender, grade, order of NND and control periods, season and parental education as fixed effects, and child, class and school as random effects. Owing to a high degree of positive answers, the resulting left-skewed scores were transformed using log (maximum score (50 or 10)+1-observed score).
In case there was a significant effect of the intervention, subgroup analyses were carried out to explore possible interactions between the intervention and the eating practice (common space vs classroom), including the same effects as the corresponding original analysis.
RESULTS
Parents of 791 children (99% of the included children) and 757 children (95%) completed the illness interview after 3 and 6 months, respectively. Missing interviews at 3 months were because of the inability to reach the family by telephone after multiple attempts (n = 6), and at 6 months owing to dropout (n = 26), holiday (n = 3), parents being unwilling to be interviewed (n = 2) and inability to reach the family by telephone after multiple attempts (n = 9). Consent was obtained from parents of 793 children (99% of the included children) to retrieve information on teacher-reported school absenteeism, and data were available for 737 children in the first period and 712 children in the second period. The Danish Well-being Rating score was filled out by 747, 729 and 714 of the children at baseline, 3 and 6 months, respectively.
Baseline characteristics of the included children are shown in Table 1 according to the order of NND and control. The proportion of fourth graders was higher in the control-NND group compared with the NND-control group. Thus, children who were on control diet in the first period were slightly older and taller than children allocated to NND in the first period. No other baseline differences were seen.
NND did not affect parent-reported or teacher-reported occurrence or duration of absence from school compared with control (Tables 2 and 3 ). The most common symptoms of illness were stomach pain, cold and headache, both at baseline and after the NND and control period, and was experienced in 21-28% of the children during the last 14 days. A slightly higher number of children experienced headaches in the NND period (27%) compared with the control period (22%) ( Table 2 ). However, this was only significant for children eating NND school meals in their classroom (n = 206, P = 0.007) and not in common dining areas (n = 555, P = 0.2). The NND school meals did not affect occurrence or duration of any of the other symptoms of illness, asthma and allergies, or use of medicine, compared with control. Self-reported well-being did not differ between the NND and control period ( Table 4 ). Analyses of each of the separate scales of well-being in different contexts also did not differ between periods.
DISCUSSION
In the present study, provision of nutritionally balanced school meals during 3 months did not affect the occurrence or duration of absence from school, use of medicine, symptoms of allergy or self-reported well-being among 8-to 11-year-old school children. More children experienced headaches in the last 14 days on the NND compared with control. However, this effect was only seen in children eating together in the classroom.
To our knowledge, no previous randomised controlled trials have considered the effect of full school meal programmes on school attendance, allergies and general symptoms of illness in children in high-income countries. The British chef, Jamie Oliver, undertook a campaign to improve nutritional standards of school meals, and an evaluation of the campaign found a 14% reduction in school absence. 19 However, as this was not a randomised controlled study, confounding cannot be ruled out. Some studies have considered particular school meal components: A clusterrandomised study in 7-to 11-year-old New Zealand children found no effect of serving a free school breakfast on school attendance. 20 In contrast, provision of a mid-morning snack was associated with increased school attendance in Kenyan 21 and Colombian 22 children. The Colombian study additionally found a reduction in days with fever, cough and diarrhoea. 22 These studies were conducted in populations with high prevalence of undernutrition and micronutrient deficiencies, and the snacks were characterised by high contents of energy and micronutrients such as iron and vitamin B-12 to meet the requirements for these nutrients. Other studies examining the effect of diet on illness in children have focused on specific dietary components. In particular, the intake of n-3 polyunsaturated fatty acids, which was higher during the NND period compared with control in the present study, has been found to reduce occurrence and duration of upper and lower respiratory tract infections and gastrointestinal complaints in school-aged children. 23, 24 Vitamin D intake has also been associated with a decreased risk of influenza A 4 and respiratory illness 25 in children. Fish n-3 polyunsaturated fatty acid and vitamin D have been suggested to have protective effects on asthma and allergy symptoms in childhood. [26] [27] [28] [29] In the present study, fish intake was increased by 13 g/day in the children who consumed fish, which was also reflected in the fatty fish intake 12 and in biomarkers of n-3 polyunsaturated fatty acid intake (RA Petersen, unpublished data). Vitamin D intake was higher in the NND period compared with control, 12 but this was not reflected in the vitamin D status (RA Petersen, unpublished data). One explanation for the lack of effect on school attendance, illness and allergies in the present study, despite increase in potentially beneficial dietary components, could be that the children had a relatively healthy habitual diet, 12 and were generally of good health. One could expect that a potential effect would be greater in groups of less well-nourished children, as found in other studies. More children experienced headaches during the NND period, although this was only seen if the school meals were eaten in the classroom. This could indicate that the effect was unrelated to the diet, but it could be because of the physical eating environment-for example, the prolonged time spent in the classroom during the lunch break. A relatively high proportion (about 25-30%) of the children experienced headache before and during the intervention, which is in agreement with findings from epidemiological studies on the prevalence of headache in children. 30, 31 The strengths of this study include its large sample size and the low dropout rate of only 8%, which were mainly owing to reasons unrelated to the study. The parental questionnaires were detailed, conducted by specially trained interviewers and covered several symptoms of illness, and the data on school attendance were augmented by the use of both parent-and teacher-reported absence from school. This also allowed us to evaluate school attendance when divided into absence owing to truancy and illness. Baseline dietary intake of the children in the present study was in accordance with Danish National dietary surveys. 32 The population was fairly representative of Danish children in regard to prevalence of overweight and obesity 33 and proportion of immigrants/descendants, 34 and all educational groups are represented. In addition, the prevalence of physician-diagnosed asthma and allergies are similar to recent findings in Danish children. 35 Overall, this indicates that the results from the present study have a high degree of generalisability to Danish children of similar ages.
The primary outcomes of the OPUS School Meal Study were the effect of school meals on a metabolic syndrome score and concentration performance. The present study explored the effect of the NND on outcomes, of which several were limited by the fact that only few children experienced the symptoms during the 14-day period, thus limiting the power to detect a possible effect. The study was additionally limited by its relatively short intervention period. A 3-month intervention period may not be long enough to show an effect on allergies, school attendance and symptoms of illness. However, a longer intervention period was not possible owing to logistics in the cross-over design. We would probably have experienced lower motivation for participation in control schools if a parallel design was chosen, and it would have required a much larger sample size to obtain sufficient statistical power. Questions in the parental questionnaire were only related to the preceding 14 days, and did not cover the whole NND or control period. This was chosen because it was judged difficult for parents to recall the number of days and occurrence of illness for a period of 3 months. Diaries would have been more optimal for collecting data on illness and well-being. However, this would have been logistically very difficult and demanding for the participating families, and was not a primary outcome. Well-being was evaluated using visual analogue scales. The high degree of positive answers meant little variation in self-perceived well-being among the children and thus reduced sensitivity of these scales to detect an effect.
In conclusion, this study showed that provision of nutritionally balanced school meals for a 3-month period did not affect school attendance, asthma, allergies, illness or well-being in 8-to 11-yearold children. Slightly higher numbers of children experienced headaches during the NND period compared with the control Abbreviations: CI, confidence interval; NND, New Nordic Diet. Logistic regression adjusted for baseline, month at baseline, gender, grade, season, order of intervention vs control period, parental education, unless else is stated. All analyses are additionally adjusted for overdispersion. a P-values were adjusted for the corresponding unconditional analysis of occurrence ( Table 2 ). b Number of days absent from school in the whole NND/control period (3 month). c The category 12-14 days refers to 412 days. d Analysis on teacher-reported absence from school was not adjusted for baseline, as these data were not available. e Analysis on hay fever symptoms was not adjusted for season owing to collinearity caused by a highly unbalanced subset. Abbreviations: CI, confidence interval; NND, New Nordic Diet. Linear mixed models adjusted for baseline, gender, grade, order of intervention vs control period, time of year and parental education (fixed effects), and child, class and school (random effects). Values are median (IQR), unless else is stated. a Separate well-being rating scores regarding self-perception, family, school, friends and living environment, each ranging from 0 to 10 on a visual analogue scale. b Total well-being rating score, with the 5 separate rating scales added together (ranging from 0 to 50 on a visual analogue scale).
